The N = 1 → 0 transitions of CN and C 15 N (X 2 Σ + ), as well as the J = 1 → 0 lines of HN 13 C and H 15 NC, have been observed toward 11 molecular clouds using the new 3 mm ALMA-type receiver of the 12 m telescope of the Arizona Radio Observatory. These sources span a wide range of distances from the Galactic center and are all regions of star formation. From these observations, 14 N/ 15 N ratios have been determined using two independent methods. First, the measurements of C 14 N and C 15 N were directly compared to establish this ratio, correcting for high opacities when needed, as indicated by the nitrogen hyperfine intensities. Second, the ratio was calculated from the quantity 
INTRODUCTION
The 14 N/ 15 N isotope ratio in the Galaxy remains relatively uncertain, although it is critical in understanding Galactic chemical evolution (GCE) and the origin of the solar system (Audouze et al. 1975; Wilson 1999) . Like other elemental ratios, 14 N/ 15 N is believed to be a good indicator of stellar nucleosynthesis and the mixing that subsequently occurs. It is thought that both nitrogen isotopes are mainly by-products from the CNO cycle, which occurs in more massive (M > 1 M ) stars, and converts hydrogen into helium. The details of 14 N and 15 N production are still debated, however (Clayton 2003; Prantzos 2003; Romano & Matteucci 2003; Wiescher et al. 2010) . It is postulated that 14 N is produced by both the cold and hot CNO cycles, as well as in so-called Hot Bottom Burning (HBB) in asymptotic giant branch (AGB) stars (Wiescher et al. 2010) , although massive, rotating stars may be sources as well (Prantzos 2011) . In the cold CNO cycle, which takes place in main-sequence stars and the H-burning shells of red giants, 14 N is formed from either 13 C or 17 O. Its subsequent destruction to 15 O occurs sufficiently slowly that this isotope has a large equilibrium abundance. Dredgeup on the red giant branch brings the 14 N to the stellar surface, where it can enter the interstellar medium (ISM) via mass loss. 14 N is produced by similar reactions in the hot CNO cycle, which occurs principally in novae outbursts and has a more complex sub-cycle structure (Sackmann et al. 1974; Clayton 2003; Wiescher et al. 2010) . In HBB, 14 N is created via the CNO cycle at the base of the AGB convective envelope from 12 C that has been dredged-up from the He-burning shell (Sackmann et al. 1974; Prantzos 2011) . HBB is considered a primary source of 14 N, i.e., synthesized starting from H and He in a given star, while the CNO cycle is a secondary source. In contrast, it is thought that 15 N can only be produced through the hot CNO cycle, where elevated temperatures create large quantities of 15 O. This nucleus subsequently decays to 15 N, resulting in a far greater abundance for this isotope than in the cold version of the cycle (Audouze et al. 1975; Clayton 2003) . It is also speculated that 15 N is additionally made in Type Ia and Type II supernovae (Romano & Matteucci 2003) . Therefore, 15 N is principally a secondary element.
The differences in primary and secondary origins of the two nitrogen isotopes are predicted to lead to an increase in the 14 N/ 15 N ratio with galactocentric distance; such a gradient has been calculated by some GCE models (Tosi 1982; Romano & Matteucci 2003) . However, measurements of this ratio across the Galaxy, based on radio and millimeter molecular line observations, have been somewhat contradictory. Early work by Wannier et al. (1981) and Güsten & Ungerechts (1985) found larger ratios near the galactic center ( 14 N/ 15 N ∼ 1000) than in the local ISM, based on HCN and NH 3 observations in molecular clouds; their data showed evidence for a decreasing 14 N/ 15 N ratio with distance from the Galactic center (D GC ). In contrast, a more recent study of HCN lines by Dahmen et al. (1995) found a ratio that clearly increased with increasing galactocentric distance, with values of ∼300 at D GC = 0. These authors employed observations of H 13 CN and HC 15 N to derive their values, scaled by known 12 C/ 13 C ratios (Wilson 1999) . Another controversial issue is the interpretation of the terrestrial value of the 14 N/ 15 N ratio, relative to the other solar system bodies and the local ISM (Anders & Grevesse 1989) . In Earth's atmosphere, the ratio from N 2 is known to be 14 N/ 15 N = 272. Furthermore, analysis of N + ions from the solar wind has resulted in 14 N/ 15 N ∼ 200 ± 55 (Kallenbach et al. 1998) , while that derived from lunar soil samples, associated with the solar wind, has indicated an upper limit of 14 N/ 15 N 205 (Hashizume et al. 2000) . Yet, in the atmosphere of Jupiter, in situ measurements of NH 3 have yielded 14 N/ 15 N ∼ 435 (Owen et al. 2001 ) and IR observations from ISO-SWS suggest 14 N/ 15 N ∼ 526 (Fouchet et al. 2000) . Carbonaceous chondrites and interplanetary dust particles (IDPs) also show wide variations in the value of this ratio, ranging from approximately 54 to 500 (Bonal et al. 2010; Shepton et al. 2003; Aleon et al. 2003) . Large deviations have been observed in comets, from as high as 330 ± 98 (Ziurys et al. 1999 ) and 323 ± 46 (Jewitt et al. 1997) , to lower values such as 140 ± 30 (Arpigny et al. 2003) . Local ISM ratios are equally diverse. Toward cold dark clouds with D GC ∼ 8 kpc, for example, observations of NH 3 and its isotopologues have yielded 14 N/ 15 N ∼ 350 ± 50 (Lis et al. 2010 ) and ∼360 ± 180 to ∼800 ± 425 (Gerin et al. 2009 ). Finally, measurements of absorption lines of HCN and HNC toward local diffuse clouds lead to a ratio of 237 ± 25 (Lucas & Liszt 1998) . From the Galactic gradient established by Dahmen et al., the local ISM value is ∼450. Based on large deuterium enrichments (Meier & Owen 1999; Messenger 2002; Busemann et al. 2006) , the composition of IDPs and carbonaceous chondrites is believed to at least partially reflect that of the pre-solar nebula. Comets are also thought to be composed of pristine material from the nascent molecular cloud that formed the solar system (Irvine et al. 2000) . It might be expected that the 14 N/ 15 N ratios found in these objects would reflect that of the local ISM.
Obtaining accurate values of the 14 N/ 15 N ratio in interstellar gas is challenging, however. The main difficulty is that the common nitrogen bearing molecules like HCN are usually optically thick in their lowest rotational transitions; therefore, line intensities are not good indicators of molecular abundance, which makes determination of the isotope ratio problematic. Furthermore, emission from the 15 N isotopologue is usually quite weak, requiring very sensitive receivers and long integration times. If the less abundant 13 C carrier is chosen instead of the 12 C species (e.g., H 13 CN), the method used by both Dahmen et al. and Wannier et al. , the optical depth problem is resolved, but the determination of the 14 N/ 15 N ratio then relies on that measured for 12 C/ 13 C. This indirect technique is not ideal, especially considering the variations in the carbon isotope ratio with molecular tracer. Values derived from CN or CO, for example, tend to be lower than those derived from H 2 CO (Milam et al. 2005) .
In order to further investigate 14 N/ 15 N ratios in interstellar clouds, we have conducted millimeter observations of the N = 1 → 0 transition of C 14 N and C 15 N at 113 and 110 GHz using the 12 m telescope of the Arizona Radio Observatory (ARO) toward 12 dense molecular clouds, located at varying distance from the galactic center. The hyperfine splitting from the coupling of the nitrogen nuclear spin with the total angular momentum of the molecule is observable in CN, which allows an accurate evaluation of the optical depth (Savage et al. 2002) . Consequently, a more direct estimation of the 14 N/ 15 N ratio can be made. For comparison, we also observed the J = 1 → 0 transitions of HNC, H 15 NC, and HN 13 C at 90, 88, and 87 GHz, and derived ratios from the latter two isotopologues, using 12 C/ 13 C ratios previously measured in those sources by Milam et al. (2005) . In this paper, we present our observations, data analysis, and our best estimates of the 14 N/ 15 N ratio and its gradient in the Galaxy. We also compare our values with recent GCE models. 
QUANTUM MECHANICS OF THE
CN is a free radical with one unpaired electron in a sigma orbital, leading to a 2 Σ + electronic ground state. It is best described by the Hund's case (b) coupling scheme. In this scenario, the spin angular momentum S, originating with the unpaired electron, couples with the rotational angular momentum N to generate the total angular momentum J, excluding nuclear spin, i.e., J = N + S. Because S = 1/2, this coupling gives rise to two fine-structure sub-levels for every rotational level except N = 0. As a consequence, the fundamental N = 1 → 0 transition consists of two fine structure doublets, J = 1/2 → 1/2 and J = 3/2 → 1/2. This pattern is further split into hyperfine structure by the interaction of the nitrogen nuclei spin I, where F = I + J, and I = 1 for 14 N. The selection rules for electric dipole-allowed rotational transitions are ΔN = ±1, ΔJ = 0, ±1, ΔF = 0, ±1 (except 0 ↔ 0), such that the N = 1 → 0, J = 3/2 → 1/2 transition gives rise to five hyperfine components, as shown in Table 1 . The components are fairly well separated in frequency, with one that is particularly strong with 33% of the total intensity in the N = 1 → 0 transition. The C 15 N spectrum displays a very similar pattern, except the nuclear spin of 15 N is I = 1/2. Therefore, the N = 1 → 0, J = 3/2 → 1/2 transition exhibits three hyperfine components instead of five; see Figure 1 and Table 1 . The two stronger components have about a 1 MHz frequency separation, or 2.7 km s −1 . A schematic energy level diagram of both species is shown in Figure 1 .
HNC has a 1 Σ + ground state, and thus the quantum number J describes the rotational pattern. The rotational levels are additionally split by a very small amount due to nitrogen quadrupole interactions ( 14 N only), and nuclear-spin-rotation coupling ( 14 N and 15 N). These interactions generate three Skatrud et al. (1983) . b Rest frequencies from Saleck et al. (1994) . c Rest frequencies from Creswell et al. (1976) . d Rest frequencies from Brown et al. (1977) .
hyperfine components for the J = 1 → 0 transition. For both H 14 NC and H 15 NC, however, the splitting is quite small (∼100 kHz or less; Bechtel et al. 2006) and not resolved in spectra from warm molecular clouds.
OBSERVATIONS
The measurements were carried out in several observing sessions between 2009 March and 2011 January. Observations at 3 mm were performed using the ARO 12 m telescope at Kitt Peak, Arizona. A dual polarization 3 mm (86-116 GHz) receiver using ALMA Band 3 sideband separating (SBS) mixers was employed for the observations. Image rejection was typically 16 dB, inherent in the mixer architecture. At the 12 m, the temperature scale is determined by the chopper wheel method, corrected for forward spillover losses, and given as T * R . The radiation temperature is then defined as T R = T * R /η c , where η c is the corrected beam efficiency, estimated to be 0.88 and 0.85 at 87-90 GHz and 110-112 GHz, respectively; see Table 1 . Data were taken in position-switching mode, with a 30 arcmin OFF position in azimuth. Pointing was checked every 1.5 hr on a nearby planet or strong continuum source. Toward most clouds observed, the backends employed were filter banks with 500 kHz and 1000 kHz resolutions, each possessing 256 channels operated in parallel mode (2 × 128); for SgrB2 and S156, the 2 MHz and 250 kHz filter banks were used, respectively. A millimeter autocorrelator was also used as an additional backend, with either 390 or 195 kHz resolution. Local oscillator shifts of 10 or 20 MHz were performed in each source to ensure no image contamination was present near the lines of interest.
The J = 1 → 0 transition was measured for HNC, HN 13 C, and H 15 NC; see Table 1 for the list of frequencies. The five hyperfine components of the N = 1 → 0, J = 3/2 → 1/2 transition of C 14 N were observed simultaneously within a given backend, with the receiver tuned to the central frequency of 113.500 GHz. Similarly, three hyperfine lines of C 15 N were simultaneously measured, with the receiver tuned to 110.023 GHz. A total of 12 sources were observed, spanning most of the Galaxy out to D GC ∼11 kpc. Table 1 summarizes the relevant molecular transitions, rest frequencies, and telescope parameters. The list of sources with their galactic coordinates can be found in Table 2 .
RESULTS
The spectral measurements of CN, C 15 N, HN 13 C, and H 15 NC are summarized in Table 2 as well as those of HNC. Individual line intensities (in T R * (K)), linewidths (FWHM, in km s −1 ), and LSR velocities are listed for all observed features, including the individual hyperfine components of the CN isotopologues. As the table shows, all five species were detected in 10 warm molecular clouds. Only CN observations were conducted toward the remaining two sources, SgrB2(OH) and Barnard-1, while the two HNC isotopologues were measured in SgrB2(NW). The source structure in SgrB2 is complex, and some species were more suitable for these measurements than others. The CN data were taken in Barnard-1 for comparison with previous NH 3 observations (Lis et al. 2010) . The linewidths and LSR velocities measured for both the CN and HNC species are typical for these sources and agree between isotopologues within the uncertainties (see Table 2 ). The spectra for 12 C 14 N also agree well with previous measurements by Savage et al. (2002) and Milam et al. (2005) .
Spectra of CN and C 15 N for all sources are presented in Figures 2(a)-(c), and the HNC data in Figures 2(d)-(g). In the case of the main isotopologue, 12 C 14 N, all five hyperfine transitions were detected in almost all sources, as is apparent in the figure. For most sources, the five lines were individually resolved, except in SgrB2, W31, and W51M, where the F = 3/2 → 1/2 and F = 5/2 → 3/2 components are blended together (see Figures 2(a) and (c) ). The spectra also show that for more than half the sources, the N = 1 → 0 transition appears to be optically thick. Under optically thin conditions, the relative intensities of the C 14 N hyperfine lines follow the pattern: F = 5/2 → 3/2: 3/2 → 1/2: 1/2 → 1/2: 3/2 → 3/2:1/2 → 3/2 = 0.33:0.12:0.099:0.099:0.012 (see Table 1 and the LTE patterns shown under the data). Only spectra from M17-SW, Orion-KL, and Orion Bar display LTE intensities. In Barnard-1, where the kinetic temperature of the cloud is about 12 K (Bachiller et al. 1990 ), the hyperfine pattern departs completely from LTE, with the F = 3/2 → 3/2 component being the strongest (see Figure 2 (c)). In SgrB2 (OH), contamination by features from hot core molecules distorts the expected hyperfine pattern. For example, the F = 1/2 → 1/2 line is likely blended with the J Ka,Kc = 10 3,7 → 9 2,8 transition of C 2 H 5 CN and the 21 2,19 → 
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2.72(3) 10.6(2.6) 57.5(2.6) J = 3/2 → 1/2 F = 1/2 → 1/2 0.67(3) 11.9(2.6) 57.7(2.6) F = 3/2 → 3/2 0.92(3) 10.6(2.6) 57.5(2.6) F = 1/2 → 3/2 0.11(3) 11.9(2.6) 56.9(2.6) C 15 N F = 2 → 1 c 0.029(7) 13.6(2.7) 56.7(2.7) Barnard-1 f 03:33:20.8 31:07:34 CN F = 3/2 → 1/2 0.47(9) 1.6(0.7) 6.5(0.7) N = 1 → 0 F = 5/2 → 3/2 0.52(9) 2.0(0.7) 6.7(0.7) J = 3/2 → 1/2 F = 1/2 → 1/2 0.41(9) 1.6(0.7) 6.5(0.7) F = 3/2 → 3/2 0.59(9) 1.6(0.7) 6.7(0.7) F = 1/2 → 3/2 0.38(9) 1.7(0.7) 6.5(0. Spectra of the N = 1 → 0, J = 3/2 → 1/2 transition of C 14 N (upper half) and C 15 N (lower half) observed in this study with the ARO 12 m telescope. The C 14 N spectra exhibit a distinct hyperfine structure, indicated underneath the data with LTE relative intensities. Individual components are labeled by quantum number F. The C 15 N data consist of two blended hyperfine components, F = 2 → 1 and F = 1 → 0, also indicated underneath the spectra, which are not resolved in most clouds. The filter banks resolution is 500 kHz for all sources except SgrB2, W51M, and W31, where 1 MHz filter banks are used. In Barnard-1, the 250 kHz filter banks were employed. (d)-(f) Spectra of the J = 1 → 0 transition of HNC, HN 13 C and H 15 NC. The dashed lines mark the LSR velocities established from the observations, as shown in Table 2 . The filter banks resolution is the same as in panels (a), (b), and (c), except for W31 (500 kHz in this case). The spectra in SgrB2(NW) show two velocity components near 50 and 70 km s −1 . Other lines are identified in the spectra. 21 1,20 transition of C 2 H 3 CN. In addition, in sources less than 8 kpc from the galactic center, another effect seems at play. The F = 1/2 → 1/2 hyperfine component appears anomalously weak relative to the F = 3/2 → 3/2 component (typically ∼10%-35% less intense). These two components should have identical intensities of 9.99% in the LTE limit. Such anomalies can occur if the hyperfine levels have different excitation temperatures, due to variations in selective collisional excitation (Stutzki & Winnewisser 1985) , as commonly observed in other molecules such as NH 3 (Stutzki et al. 1984 ) and HCN (Turner & Thaddeus 1977) .
The spectra of C 15 N were obtained with good signal-to-noise ratios in all sources. However, the F = 2 → 1 and F = 1 → 0 lines are completely blended in the relatively warm molecular clouds studied here, as they lie 1 MHz apart in frequency. In the cold cloud Barnard-1, these two features were barely resolved, see Figure 2 (c). The much weaker F = 1 → 1 line appears to be contaminated by other features, likely arising from vibrationally excited SO 2 and asymmetry components of dimethyl ether.
As Figure 2 demonstrates, the HN 13 C and H 15 NC spectra were also measured with good signal-to-noise ratios. In the case of SgrB2, HNC was observed toward a position in the envelope, SgrB2(NW), because the hot core regions produce lines that are heavily self-absorbed. The H 15 NC and HN 13 C lines at the NW position exhibit two velocity components, one near 50 km s −1 and another at 70 km s −1 . Two such components had previously been observed toward this position in HNCO (Kuan & Snyder 1996) . According to these authors, these features arise from two separate clouds that are colliding. Interestingly, the relative line intensities in the two velocity components vary and thus the resulting nitrogen isotope ratio.
ANALYSIS

14 N/ 15 N Ratios Derived from CN
As discussed in Savage et al. (2002) and Milam et al. (2005) , the hyperfine components in CN allow for an accurate evaluation of the opacity in the N = 1 → 0 transition. For clouds where CN is optically thick, the opacity was obtained by performing a simultaneous least-squares fit to the intensities of the five hyperfine components observed; see Savage et al. (2002) . From this analysis, both excitation temperatures and opacities are derived. For the special case where the F = 1/2 → 1/2 component is somewhat weaker than the F = 3/2 → 3/2 line (G34.3 and W31), the average line intensity of the two components was used for the fit. For the sources where the F = 3/2 → 1/2 and F = 5/3 → 3/2 components are blended (W51M and W31), the sum of their relative intensities was employed in the analysis. Results of the modeling for CN can be found in Table 3 . From this analysis, the typical opacities and excitation temperatures determined for CN in the clouds observed are τ ∼ 1-5 and T ex ∼ 5-10 K (note that τ = 3τ main , where τ main is the opacity of the main hyperfine component, F = 5/2 → 3/2). These low excitation temperatures are expected, as CN has a relatively large dipole moment of 1.45 D. Two sources could not be analyzed: Barnard-1, because the hyperfine intensity ratio departs dramatically from LTE; and SgrB2 (OH), where broad lines and contamination from other molecules made such an analysis highly uncertain.
All 5 N/ 14 N ratios were calculated using either the brightness temperatures of the individual lines, or the line opacity and corresponding excitation temperature. In the optically thin sources (M17-SW, Orion-KL, and Orion Bar), the ratio was derived directly from the brightness temperatures of the strongest hyperfine components in CN and C 15 N, weighted by the hyperfine relative intensities, i.e.,
Here R h is the ratio of relative intensities of the C 14 N: F = 5/2 → 3/2 line and the C 15 N: F = 2 → 1 feature. In the optically thick case (all other sources), T R (CN) in Equation (1) is replaced by τ main * T ex (see Table 3 ). Because the main hyperfine line F = 2 → 1 of C 15 N is partly blended with the weaker F = 1 → 0 component (relative intensities: 0.417:0.165), the observed line was modeled to account for the contribution of the weaker feature and corrected accordingly. Typical corrections were on the order of 10%-20%, depending on the linewidth of the source. It was also assumed in all ratio calculations that the two isotopologues have the same linewidths, as verified by the observations (see Table 2 ), and occupy the same volume of the cloud. The 14 N/ 15 N ratios thus derived are presented in Table 4 , along with uncertainties, propagated from the errors in line intensity, opacity, and excitation temperature, as applicable. Also given in the table are gas kinetic temperatures, T K , of the sources, derived from the literature, and the CN total column densities, calculated by the methods given in Savage et al. (2002) . The opacities were considered in the derivation of column densities, and it was assumed that the rotational temperature, T rot, was approximately equal to T K . The dipole moments of CN and C 15 N were assumed to be 1.45 D (Thomson & Dalby 1968) .
14 N/ 15 N Ratios from the HNC Double Isotopes
The nitrogen isotope ratios were also calculated by a second, independent method, using the data for the J = 1 → 0 transition H 15 NC and HN 13 C. As described by Dahmen et al. (1995) Milam et al. 2005 ). The estimated 13 C/ 12 C ratio appears to vary somewhat, depending on the molecule considered, perhaps due to chemical fractionation effects. Ratios derived from formaldehyde are typically higher than those from CN and CO (Wilson 1999; Milam et al. 2005) . In this work, the brightness temperatures of the J = 1 → 0 transitions of H 15 NC and HN 13 C were used to derive values of [HN 13 C]/[H 15 NC] (see Table 4 ), from which 14 N/ 15 N ratios were determined using the 12 C/ 13 C ratios established from CN in each source, from Milam et al. (2005) . 3.0 ± 0.5 5.7 ± 0.6 35 i 9.6 × 10 14 NGC 7538 2.4 ± 0.3 6.9 ± 0.6 25 j 5.0 × 10 14 S156
1.9 ± 0.2 5.2 ± 0.1 27 k 2.8 × 10 14
Notes. a τ = 3τ main , where τ main is the opacity of the main hyperfine component, F = 5/2 → 3/2. b Beuther et al. (2011) . c Matthews et al. (1987) and Campbell et al. (2004) . d Stutzki & Guesten (1990) . e Sollins et al. (2004) . f White et al. (2010) . g Sempere et al. (2000) . h Hogerheijde et al. (1995) . i Kim et al. (2006) . j Kameya et al. (1986) and Hasegawa & Mitchell (1995) . k Joy et al. (1984) .
Ratios thus derived are listed in Table 4 . The main sources of uncertainties in these ratios are the errors in antenna temperature and the 12 C/ 13 C values. The CN carbon isotope ratios were used in these calculations because HNC is chemically more similar to CN than H 2 CO or CO, with related formation processes. Therefore, any chemical fractionation effects should influence both molecules similarly: see Milam et al. (2005) . At early cloud times, neutral-neutral reactions are thought to produce most of the CN and HNC, via the following pathways (Nejad et al. 1990) :
C + NH → CN + H
C + NH 2 → HNC + H. Notes. a 12 C/ 13 C ratio from measurements of 12 CN/ 13 CN by Milam et al. (2005) . b Ratio obtained by applying the 12 CN/ 13 CN ratio from the linear fit of Milam et al. (2005) to the H 13 CN/HC 15 N data of Dahmen et al. (1995) .
At later times, both molecular species are created via electron dissociative recombination of HNCH + (Nejad et al. 1990 ).
6. DISCUSSION
The 14 N/ 15 N Ratio Across the Galaxy
As can be seen in Table 4 , the nitrogen isotope ratios derived from measurement of HNC and CN are in reasonable agreement, within the uncertainties. (The propagated errors typically amount to about 20%-30% of the calculated ratio values). The nitrogen isotope ratios derived from both methods, however, are lower than those established by Dahmen et al. (1995) . These authors typically found 14 N/ 15 N ∼ 250-650, while our values are ∼120-400. One obvious cause for this difference is that Dahmen et al. (1995) used the 12 C/ 13 C ratios derived from H 2 CO in their calculations. These ratios are higher than the numbers obtained from both CO and CN, and thus lead to larger 14 N/ 15 N ratios. The carbon ratios from H 2 CO may be exhibiting fractionation effects, because this molecule has more complex formation pathways than CO and CN (Millar et al. 1979; Roueff et al. 2006) . Based on zero-point energy differences, the following ion-exchange reaction would tend to enhance 13 C in CO (Sakai et al. 2010 
Since CO is the second most abundant molecule, this process could in turn deplete 13 C in other species that have CO as a precursor, including H 2 CO. Such depletions do not seem to apply to CN, which has 12 C/ 13 C ratios very similar to that of CO. If the HCN data of Dahmen et al. (1995) are scaled by the 12 C/ 13 C ratios from CN, instead of H 2 CO, the resulting 14 N/ 15 N ratios agree with the HNC values established here within the uncertainties. These ratios are also listed in Table 4 .
In Figure 3 , nitrogen isotope ratios obtained in this study from CN and HNC are plotted relative to galactocentric distance. Also included on the plot are the revised values from Dahmen et al. The plot shows an obvious trend of increasing 14 N/ 15 N ratios with galactocentric distance, in agreement with Dahmen et al. (1995) 
Fractionation in Nitrogen
The amount of fractionation in interstellar cyanides is not currently known. Differences in zero-point energies, however, have been calculated by Bakker & Lambert (1998) The open circles represent the ratios calculated using HN 13 C/H 15 NC and the 12 C/ 13 C ratio measured in CN by Milam et al. (2005) . The triangles are the ratios obtained from the HCN data of Dahmen et al. (1995) , combined with the 12 C/ 13 C ratios of Milam et al. (2005) . The dashed line is the gradient from the model 3n of Romano & Matteucci (2003) , where 15 N is treated as a secondary element and produced in novae. In the warm clouds observed in the present study (T K > 25 K; see Table 3 ), this reaction is unlikely to cause significant fractionation. It could be more important in cold dark clouds, on the other hand, such as Barnard-1, where T K < 10 K. Lis et al. (2010) , however, found 14 N/ 15 N = 334 ± 50 toward Barnard-1, using inversion transitions of NH 3 -close in value to those derived from CN and HNC at similar D GC . These results suggest that if any fractionation occurs for CN-bearing species through isotope exchange reactions, the effect is minimal.
Another possible fractionation effect is from differential self-shielding of the more abundant 14 N isotopologues of CN and HNC, relative to rarer C 15 N and H 15 NC, from the ambient UV radiation field. The so-called isotope-selective photodissociation effect has been observed in CN and 13 CN (Milam et al. 2005 ) and leads to increased 12 C/ 13 C ratios in PDR regions. Within the uncertainties, we find no evidence of such effect in our 14 N/ 15 N data. The ratio in the PDR Orion Bar is somewhat higher but essentially the same as in the star-forming region Orion-KL (361 ± 141 versus 234 ± 47). Moreover, Lucas & Liszt (1998) determined the nitrogen isotope ratio in absorption toward the diffuse molecular cloud B0415 + 379 using HCN. Their ratio 14 N/ 15 N = 237 ± 25 is similar to our value for the local ISM of 290 ± 40. The effect of UV radiation is typically stronger in diffuse as opposed to dense clouds (Snow & McCall 2006) , which suggests that isotope-selective photodissociation does not severely influence the nitrogen isotope ratio. Terzieva & Herbst (2000) examined the possibility of nitrogen fractionation for common N-bearing species in molecular clouds. These authors concluded that 15 N enhancement should be very limited because equilibrium coefficients of most isotopic exchange processes are predicted to be small. They consequently cannot compete with faster ion-molecule reactions, which would scramble any isotopic enhancements. Rodgers & Charnley (2008) suggest several scenarios leading to high 15 N enhancement in CN, HNC, and HCN in very dense and cold regions of molecular clouds that further evolve into protoplanetary disks. They were proposed to explain the 15 N excesses observed in the organic content of some meteorites. Observational studies of the proposed mechanisms are clearly needed in such cold cores.
Implications for Galactic Chemical Evolution
Of the CNO isotopes, nitrogen is the element where the biggest uncertainties remain with regard to its nucleosynthesis and subsequent mixing in the ISM. As discussed, 14 N is produced as a byproduct of the cold CNO cycle in low-and intermediate-mass stars as a secondary element, and released in the ISM during dredge-up phases. Primary contributors to 14 N are more massive stars, principally in He-shell burning (Audouze et al. 1975; Romano & Matteucci 2003) . The main contributor to 15 N is believed to be the hot CNO cycle in novae, also a secondary process. Note that the equilibrium ratio in the cold CNO cycle is very high ( 14 N/ 15 N ∼ 30,000 : Clayton 2003) . Observations of CN and C 15 N in the AGB star HD 56126 by Bakker & Lambert (1998) has produced a lower limit of 14 N/ 15 N > 2000, in agreement with theory. In our Galaxy, the metallicity, as measured by the abundance of heavy elements, decreases with distance from the galactic center (Maciel & Costa 2009). If 15 N is mainly a secondary element, produced in significant amounts only by nova events in binary white dwarfs and perhaps supernovae, its abundance should decrease with galactocentric distance; that of 14 N, in contrast, drops at a lower rate because of its primary component. As a result, the 14 N/ 15 N ratio should increase with galactocentric distance.
Various models of GCE have been formulated to test different hypotheses of the nitrogen isotope formation and enrichment of the ISM (e.g., Tosi 1982; Matteucci & D'Antona 1991) . A recent model by Romano & Matteucci (2003) assumes that 15 N is produced only as a secondary element in novae, but adjusts stellar yields adopted for massive and low-and intermediatemass stars for 14 N production. Predictions of the 14 N/ 15 N ratio as a function of D GC from their models 2s, 3s, and 3n, which vary in stellar yields chosen, agree well with our observations, with a galactic gradient of 14 N/ 15 N of about 20 dex kpc −1 . The results from their 3n model are plotted in Figure 3 . Previously, these authors had also offset their model in order to match the observed 14 N/ 15 N ratios of Dahmen et al. (1995) ; our CN and HNC data reflect their actual model predictions.
Implications for Nitrogen Isotope Ratios in the Solar System
The current best estimate for the 14 N/ 15 N ratio in the local dense ISM of 290 ± 40 (7.9 kpc), based on CN, HNC, and HCN observations, is very close to that found in Earth's atmosphere of 272. This ratio is indicated by a star in Figure 3 . It is also closer to average values reported for nitrogen species in comets, which typically range from 130 to 330 (e.g., Hutsemekers et al.
